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(54) AIR CLEANING AND VENTILATING APPARATUS, SILENT DISCHARGE DEVICE USED THEREIN 
AND AIR CLEANING AND VENTILATING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce running cost by 
reducing power consumption quantity necessary for the 
oxidizing treatment of NO of an apparatus for removing NOx of 

low concn. by an oxidizing method by providing a silent i/wi^ 
discharge apparatus subjecting NO contained in air sent by a 
blower to oxidizing treatment and an N02 adsorbing apparatus 
to an air cleaning and ventilating apparatus. 
SOLUTION: An air cleaning and ventilating apparatus is 
constituted by providing a dust collecting filter 15 and a blower 
3 on the upstream side of a silent discharge apparatus 14 
wherein the glass plates and discharge electrodes arranged in a 
duct are laminated in a multistage fashion to be formed into a 
curtain like form. An N02 adsorbing apparatus 2 is provided on 
the downstream side of the silent discharge apparatus 14 to 
perform the adsorption of N02 after the oxidation of NO by the 
silent discharge apparatus 14. The silent discharge apparatus 14 
is constituted so as to pass contaminated gas through the 
discharge curtain to achieve the enhancement of reaction and, 
by enlarging the window port of the discharge curtain like a 
blind to make the depth dimension thereof as small as possible, the resistance of air passing at a high 
speed is reduced to reduce the pressure loss of an air stream. 
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* NOTICES * 



JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Blois to be an air cleaning ventilator for removing the nitrogen oxides in the tunnel through which 
the car which discharges exhaust gas passes, or parking lot space, and for this air cleaning ventilator exhaust 
the air in a tunnel or parking lot space, N02 oxidized with the silent discharge equipment and this silent 
discharge equipment for oxidizing NO contained in the air ventilated in this Blois N02 for adsorbing Air 
cleaning ventilator characterized by having the adsorber. 

[Claim 2] The air cleaning ventilator according to claim 1 with which said silent discharge equipment is 
formed in the shape of [ which has a multistage discharge gap ] a curtain, and the overall depth of the 
circulation direction of air is formed in 10cm or less. 

[Claim 3] The amount of energy into which said silent discharge equipment has a multistage discharge gap, 
and is poured is 3 lm of unit air flow rates. Air cleaning ventilator according to claim 1 set as the range of 
hits50-700J. 

[Claim 4] The air cleaning ventilator according to claim 1 whose pass time of the air to which said silent 
discharge equipment has a multistage discharge gap, and passes the discharge part of said silent discharge 
equipment is 10 or less ms. 

[Claim 5] It is NO which ventilates a silent discharge part and is contained by Blois in air in this silent 
discharge part in the nitrogen oxides contained in the air in the tunnel through which the car which 
discharges exhaust gas passes, or parking lot space N02 N02 oxidized and oxidized N02 The air cleaning 
ventilation approach characterized by adsorbing with an adsorber and removing nitrogen oxides. 
[Claim 6] The spacer for forming the passage of air in inter-electrode [ of an electrode, the 2nd electrode 
which counters this electrode the insulating material attached in one / at least / electrode, this insulating 
material, and another side ], and silent discharge equipment characterized by having a source of alternating 
voltage for giving alternating voltage to inter-electrode [ said ]. 

[Claim 7] Silent discharge equipment according to claim 6 whose frequency of the source of alternating 
voltage which said silent discharge equipment is constituted by multistage, and said inter-electrode 
discharge gap is connected to a serial parallel to said source of alternating voltage, and is impressed is 200- 
600Hz. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a suitable air cleaning ventilator to reduce the nitrogen 
oxides in the ventilation air which starts an air cleaning ventilator, especially is discharged from the tunnel 
for automobiles or the large-scale basement car park of a highway or metropolitan area underground. 
[0002] 

[Description of the Prior Art] Air is polluted with the tunnel for automobiles or the large-scale basement car 
park of a highway or metropolitan area underground with the nitrogen oxides (NOx) contained in the 
exhaust gas of a car. For this reason, the ventilator for freshening air is installed in the tunnel or the 
basement car park. The concentration of nitrogen oxides is 3 ppm. Since the amount of extent and the air 
ventilated although it is comparatively low is abundant, there is much absolute magnitude of NOx, and there 
is a possibility of causing a pollution problem near an exhaust hole outlet. 

[0003] In the Prior art, after oxidizing NO of the nitrogen oxides contained in this contaminated air to N02 
by ozone, absorbing N02 with an adsorber in the following process and raising concentration, it was what 
carries out neutralization processing and is made pollution-free with alkali. The ozone (03) generated with 
the ozone generator 1 marketed as shown in drawing 12 is specifically poured in into the ventilation 
airstream containing a lot of NO, and it is N02 at the oxidation of ozone. N02 which oxidized and sank in 
alkali After carrying out adsorption treatment with an adsorber 2, it is constituted so that it may be made to 
emit to atmospheric air in Blois 3. 

[0004] Moreover, the thing of a publication is in JP,63-18321 1,A as an approach of processing high- 
concentration NOx discharged from a diesel power plant. With this equipment, exhaust gas was passed to 
the tube-like discharge tube, and NOx is decomposed. 
[0005] 

[Problem(s) to be Solved by the Invention] Although the above-mentioned Prior art has the advantage which 
can use the existing ozone generator, since ozone is generated, it is the indirect approach which is poured in 
to exhaust gas, and a limit is in ozone making it react with NO with thin concentration. Therefore, since the 
power which needs to pour in ozone beyond the need and is used for ozone generating increased, the energy 
efficiency of a process was bad. 

[0006] Moreover, the thing given in JP,63-18321 1,A had the need for the discharge tube increasing the 
capacity of Blois sharply to a longitudinal direction, in order resistance of as opposed to [ since the 
dimension is large ] a gas stream is strong and to process NOx of a lot of low-concentration air contents etc., 
and was difficult to apply. 

[0007] The 1st purpose of this invention is to offer the air cleaning ventilator and the air cleaning ventilation 

approach of having reduced power consumption required for oxidation treatment of NO of equipment which 

removes low-concentration NOx with an oxidation style, and having reduced the running cost. 

[0008] Even if it inserts the 2nd purpose in the airstream way of a large flow rate, its air resistance is small 

and is to offer the electrodischarge treatment equipment of a compact air cleaning ventilator. 

[0009] 

[Means for Solving the Problem] In order to attain the 1st purpose of the above, the air cleaning ventilator of 
this invention Blois to be an air cleaning ventilator for removing the nitrogen oxides in the tunnel through 
which the car which discharges exhaust gas passes, or parking lot space, and for this air cleaning ventilator 
exhaust the air in a tunnel or parking lot space, N02 oxidized with the silent discharge equipment and this 
silent discharge equipment for oxidizing NO contained in the air ventilated in this Blois It is characterized 
by having N02 adsorber for adsorbing. 
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[0010] Moreover, said silent discharge equipment is formed in the shape of [ which has a multistage 
discharge gap ] a curtain, and the overall depth of the circulation direction of air is formed in 10cm or less. 
Moreover, the amount of energy into which said silent discharge equipment has a multistage discharge gap, 
and is poured is 3 lm of unit air flow rates. It is set as the range of hits 50-700J. Moreover, the pass time of 
the air to which said silent discharge equipment has a multistage discharge gap, and passes the discharge 
part of said silent discharge equipment is 10 or less ms. 

[001 1] Moreover, the air cleaning ventilation approach is NO which ventilates a silent discharge part and is 
contained by Blois in air in this silent discharge part in the nitrogen oxides contained in the air in the tunnel 
through which the car which discharges exhaust gas passes, or parking lot space N02 It is characterized by 
oxidizing, adsorbing oxidized N02 with N02 adsorber, and removing nitrogen oxides. 
[0012] In order to attain the 2nd purpose of the above, the silent discharge equipment of this invention is 
characterized by having a spacer for forming the passage of air in inter-electrode [ of an electrode, the 2nd 
electrode which counters this electrode the insulating material attached in one / at least / electrode, this 
insulating material, and another side ], and a source of alternating voltage for giving alternating voltage to 
inter-electrode [ said ]. 

[0013] Moreover, said silent discharge equipment is constituted by multistage, said inter-electrode discharge 
gap is connected to a serial parallel to said source of alternating voltage, and the frequency of the source of 
alternating voltage impressed is 200-600Hz. 
[0014] 

[Embodiment of the Invention] Hereafter, drawing 1 1 explains one example of this invention from drawing 
1 . 

[0015] The perspective view of the silent discharge equipment which drawing 1 shows this example, and 
drawing 2 The mimetic diagram for explaining silent discharge equipment and drawing 3 The perspective 
view and drawing 4 which show the configuration of silent discharge equipment the schematics of the 
electrode of silent discharge equipment and drawing 5 Drawing and drawing 6 which show the relation 
between power and the amount of NO oxidation treatments Drawing and drawing 7 which show the relation 
between power and NO throughput per electric energy Drawing and drawing 8 which show the relation 
between an air flow rate and NO throughput per electric energy lm3 Drawing and drawing 9 which show 
the relation between the energy injection rate of a hit and NO throughput per electric energy Drawing in 
which drawing showing the result of having measured NO throughput with the conventional ozonate 
approach, and drawing 1 0 show the relation between the power in the conventional ozonate approach and 
NO throughput per electric energy, and drawing 1 1 are the perspective views showing the configuration of 
the air cleaning ventilator of this example. 

[0016] As shown in drawing 1 , the air cleaning ventilator of this example By Blois 3 and Blois 3 to which 
the air containing low-concentration NOx discharged from the tunnel which is not illustrated by mass Blois 
or a parking lot is sent N02 which oxidized with the duct 8 constituted so that the sent air might be led to 
silent discharge equipment 9 and the passage cross section might decrease, and silent discharge equipment 9 
It consists of ducts for sending to the equipment (not shown) which absorbs the air to include. Silent 
discharge equipment 9 carries out the laminating of a glass plate and the discharge electrode to multistage, 
and is constituted, and discharge power is supplied from the high voltage power supply of the RF which is 
not illustrated. 

[0017] Here, as silent discharge, as shown in drawing 2 , the insulating materials 5, such as a glass plate, are 
formed between two electrodes 4, and the thing of the pulse discharge 7 of a large number repeatedly 
produced with the alternating voltage impressed from the source 6 of alternating voltage is said. Although it 
is not rich and discharge arises, if a charge collects on glass by discharge, in order [ for which the electrical- 
potential-difference instantaneous value which impresses alternating voltage and is applied to an electrode 4 
and a glass plate exceeds the dielectric strength of air ] to weaken local electric field, self-quenching of the 
discharge is carried out. If the phase of alternating voltage progresses and an electrical potential difference 
rises further, discharge will take place again and it will disappear immediately. Thus, in silent discharge, 
although a repeat pulse discharge arises, it usually stabilizes and discharges on the electrical potential 
difference of 10-15kV in the gap of a 3-5mm glass plate and an electrode 4. Although the laminating of a 
glass plate and the discharge electrode is carried out to multistage and the silent discharge equipment 9 of 
this example is constituted as mentioned above, it constitutes the curtain of discharge like the blind attached 
in the aperture of a building, for example, and passes air. 

[0018] Moreover, with silent discharge equipment 9, two reactions shown in several 1 and several 2 at least 
occur, and NO is oxidized to N02. 
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0 2 + e,=>0 2 * + e s ] 



[0019] 
[Equation 1] 



2 0 2 * + 0 2 =>20 3 ► ... 
NO + 0 3 =»N0 2 +0 2 J 



(1) 



[0020] 
[Equation 2] 

NO+e f =>NO* + e s 



(2) 



2NO* + 0 2 =»2N0 2 



[0021] Here, it is shown that 02* and NO* are excitation states, respectively about the electron with which 
eepsilon lost energy for the electron by which ef was accelerated by discharge. 
[0022] With the equipment by the conventional ozonate, although it is the reaction of only several 1 
showing, since the reaction indicated to be several 1 by several 2 arises, effectiveness improves with the 
silent discharge equipment 9 of this example. Thus, it constitutes so that the curtain (namely, film) of 
discharge by contamination gas may be passed, improvement in a reaction is aimed at, and the silent 
discharge equipment 9 of this example is large in the window of a discharge curtain like a blind, by forming 
overall depth small as much as possible, it reduces the air resistance passed at high speed, and is reducing 
the pressure loss of airstream. Consequently, even if it inserts silent discharge equipment 9 into an airstream 
way and does not increase the capacity of Blois for ventilation, it ends, for example, the case of the air rate 
of flow of about ten m/s — pressure loss — 10mmH(s)2O It is as small as extent. 

[0023] It experimented using the silent discharge equipment 9 of this example about oxidation of NO in case 
air passes through discharging space in a short time of several ms. The structure of the silent discharge 
equipment 9 is shown in drawing 3 . For 3mm in 10cm and thickness, and overall depth L, a longitudinal 
direction is [ the silent discharge equipment 9 shown in drawing 4 ] 5.8mm in thickness about the glass plate 
12 it is [ glass plate ] 70mm. Five steps of spacers 13 are accumulated by ****. The electrode 4 of thin 
aluminum of die length of 50mm and 100mm of breadth was made to rival, and is prepared in the center 
section of the depth direction of a glass plate 12. It connects, as shown in drawing 4 , and these electrodes 4 
can supply now the electrical and electric equipment of an electrical potential difference adjustable with a 
variable frequency by the source 6 of alternating voltage which consists of inverters. 

[0024] the gap where air flows in this example of an experiment five steps — the passage cross section — 
45cm2 it is — although — by taking the large longitudinal direction dimension of an inlet port which makes 
[ many ] the number of stages to accumulate, this passage cross section can be enlarged and can be applied 
now to a mass thing. It is not necessary to change the gap and overall depth of discharge, and a mass thing 
can also make pressure loss of airstream small by shortening especially overall depth by carrying out like 
this. Moreover, in order to prevent the short circuit in an electrode end face, the electrode dimension was 
shortened and the distance for insulation of a surface is secured from the glass dimension of the depth 
direction. 

[0025] In an experiment, as shown in drawing 4 , where five gaps are electrically connected to juxtaposition, 
the electrical potential difference to the peak value of about 1 8kV was impressed in the 200-600Hz 
frequency range. Discharge began from about 12kV and the discharge power of abbreviation 30W was 
poured in at the time of 600Hz and 16kV. As an experiment parameter, an electrical potential difference, a 
frequency, the rate of flow, and the initial concentration of NO were changed. As shown in drawing 1 , air 
was sampled with the measurement hose 1 1 in the place about lm behind silent discharge equipment 9, and 
NO and NOx were measured in the NOx meter 10. 

[0026] Discharge power and initial concentration of 3 ppm when changing discharge power to drawing 5 by 
flow rate of 3m 3 / min Relation with the amount of oxidation treatments of NO is shown. Throughput 
increases in monotone with increase of discharge power so that drawing 5 may show, and it is the initial 
concentration of 3 ppm by impregnation of 22W. Oxidation of 2.4 ppm NO which hits to 80% can be 
performed. Drawing 6 shows the relation of the electric energy and NO throughput per impregnation energy 
kWh which were poured in. The energy efficiency (it defines as NO throughput g / impregnation energy 
kWh) of throughput has the high one where impregnation power is lower, and it is over the processing 
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effectiveness of 14g/kWh by the flow rate of 3m3/min more than 4W and less than [ 35W ] so that drawing 
6 may show. Here, the processing effectiveness of 14g/kWh is NOx-Decomposition in Air using Dielectric 
Barrier Discharges Paper No.2-414 of The 1 1 thlnternational Conference on Gas Discharges and their 
Applications 1995. It is the conventional processing effectiveness described. Especially, in the range whose 
electric energy is 5-30W, the processing effectiveness which exceeds the conventional processing 
effectiveness 50% or more is acquired. If this is broken by area of an electrode, 0.1 - 0.6 W/cm2 will be 
obtained as discharge power flux density. 

[0027] Drawing 7 is drawing showing the air flow rate at the time of changing the flow rate of air (therefore, 
the rate of flow change), and the relation of NO oxidation removal effectiveness. The one where the time 
amount to which a flow rate passes curtain-like silent discharge equipment greatly (therefore, the rate of 
flow early) is shorter has high effectiveness so that this drawing 7 may show. The time amount which this 
result is newly obtained by experiment of artificers, and passes a discharge part when flow rates are 
33m3/min is 3.1ms. It may be short. Moreover, in order to gather processing effectiveness conventionally, it 
is good to consider as the pass time for 10 or less ms. 

[0028] Drawing 8 is the value which **(ed) by the air content which passed the poured-in power energy, 
i.e., drawing showing the relation between the energy injection rate per three (J/m3), and the oxidation 
effectiveness of NO lm. The range where effectiveness is high is 70 - 600 J/m3 so that drawing 8 may 
show. It is the range and maximum is the 250 J/m3 neighborhood. This value is over the value stated by 
above-mentioned NOx-Decomposition in Air using Dielectric Barrier Discharges Paper No.2-414 50% or 
more. 

[0029] Moreover, the result compared with the conventional ozone impregnation oxidation approach is 
shown in drawing 9 and drawing 10 . They are 2 1/min to the silent discharge equipment which shows the 
ozone impregnation oxidation approach to drawing 1 in this comparison. A sink and the power to 35 W were 
impressed for the air flow rate, ozone was generated, and it carried out by pouring in the air which contains 
NO in the upstream of silent discharge equipment. Discharge power is practically equal to throughput 5W so 
that drawing 9 which shows the relation between the amount of oxidation treatments of NO and discharge 
power may show, but with the silent discharge equipment of this example, the effectiveness of being twice 
[ more than ] many as this is acquired as compared with the conventional ozone impregnation oxidation 
approach as discharge power is increased. Drawing 1 1 is drawing showing the power in the conventional 
ozone impregnation oxidation approach, and the relation of effectiveness. As it turns out that it compares 
with drawing 6 which shows the power of this example, and the relation of effectiveness, by the 
conventional ozone impregnation oxidation approach, the discharge power which is maximum is smaller 
than the value of the silent discharge equipment of kWh, 14g /, and this example 5W, throughput is smaller 
than kWh in lOg /in the large range of the discharge power for obtaining practical throughput, and they are 
1 / 3 - 1/4 of the throughput of the silent discharge equipment of this example, and small effectiveness. 
[0030] Drawing 1 1 shows the configuration of the air cleaning ventilator which formed the silent discharge 
equipment in an actual scale in the shape of a curtain. As shown in drawing 1 1 , the silent discharge 
equipment 14 with which the air cleaning ventilator was formed in the shape of a curtain in the duct is 
installed, the dust collection filter 15 is formed in the upstream, and Blois 3 is further established in the 
upstream of the dust collection filter 15. moreover — the back-wash side of silent discharge equipment 14 — 
N02 N02 to which the adsorber 2 was formed and NO oxidized with silent discharge equipment 14 It is 
adsorbing. 

[003 1] The example of a design of the air cleaning ventilator shown in drawing 1 1 is shown in Table 1 . 

[0032] 

[Table 1] 

a 1 

^tfcODStftW (5fcfi = 115500 [m 3 /h] ) 



A t* « 


(1) 


<2) 


(3) 


(4) 




^hSfBS [m/s] 


10.7 


11-1 


| 14.7 


18.4 




•P^hBiffiSUms] 


3.0 


2.9 


2.2 


1.7 




ti&SBim [m/s] 


16.0 


16.7 


22.1 


27.8 




5J£B3fffl [ms] 


3.1 


3.0 


2.3 


1.8 




ffi^tfg* [BB1H2O] 




9.0 


1 6.0 


2 5.0 




mftc34T«fe«[ft] 


6 5 5.0 


6 33.0 


476.0 


3 8 0.0 




*£33H®*> [kW] 


13. 1 


13.9 


1 2.4 


13.1 
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[0033] this example of a design — an air flow rate — 1 15500m3/h a thing applicable to a scale — it is — such 
a large flow rate — receiving — the gross area of the aperture of the shape of a curtain of silent discharge 
equipment 14 — the rate of flow of the gap of 1.7-3. 0m2 and a discharge part — 16 - 27.8 m/s and power 
consumption — min — 12.4kW it is . Moreover, since the overall depth of a flow direction is formed small, 
the pressure loss of silent discharge equipment 14 is 25mmH(s)20 also by the time of the maximum rate of 
flow. It is as small as extent and the burden of Blois 3 can be made small. 
[0034] 

[Effect of the Invention] According to this invention, since NO is oxidized directly, efficient oxidation 
treatment of NO can be performed compared with the conventional ozonate approach. Moreover, a running 
cost can be reduced, while being able to reduce the pressure loss by airstream and being able to mitigate the 
burden of Blois, since the overall depth of silent discharge equipment can be formed small. Moreover, it is 
practical in energy impregnation, and since an efficient field can be used, there is effectiveness which can 
manufacture the whole equipment in a compact. 



[Translation done.] 



http://www4.ipdl . ncipi . go .j p/cgi-bin/tran_web_cgi_ejj e 



2/21/2006 



JP, 10-066828, A [DRAWINGS] 



Page 1 of 3 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1 ] 
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[Drawin g 6] 




[Drawing 7] 




[Drawing 8] 
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[Drawing 9] 
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[Drawing 10] 
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[Drawing 12 ] 
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(54) AIR CLEANING AND VENTILATING APPARATUS, SILENT DISCHARGE DEVICE USED 
THEREIN AND AIR CLEANING AND VENTILATING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce running cost by 
reducing power consumption quantity necessary for the 
oxidizing treatment of NO of an apparatus for removing 
NOx of low concn. by an oxidizing method by providing a 
silent discharge apparatus subjecting NO contained in air 
sent by a blower to oxidizing treatment and an N02 
adsorbing apparatus to an air cleaning and ventilating 
apparatus. 

SOLUTION: An air cleaning and ventilating apparatus is 
constituted by providing a dust collecting filter 15 and a 
blower 3 on the upstream side of a silent discharge 
apparatus 14 wherein the glass plates and discharge 
electrodes arranged in a duct are laminated in a 
multistage fashion to be formed into a curtain like form. 
An N02 adsorbing apparatus 2 is provided on the 
downstream side of the silent discharge apparatus 14 to 
perform the adsorption of N02 after the oxidation of NO 
by the silent discharge apparatus 14. The silent 
discharge apparatus 14 is constituted so as to pass 

contaminated gas through the discharge curtain to achieve the enhancement of reaction and, by 
enlarging the window port of the discharge curtain like a blind to make the depth dimension 
thereof as small as possible, the resistance of air passing at a high speed is reduced to reduce 
the pressure loss of an air stream. 
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